Thermomagnetic recording process was simulated for Tbc(Fe72Co22)100-c media by using Huth's model modified to be applied to the magnetic field modulation (MFM) recording method. In the case of the recording with 0. Magnetic amplifying magneto-optical system (MAM-MOS) and domain wall displacement detection (DWDD) are useful techniques to achieve ultra high density magneto-optical recording system 1, 2). In both techniques, small sized marks (magnetic domains) are recorded by using a magnetic field modulation (MFM) method, and marks as small as around 100 nm are reported to be read out with high S/N ratio3, 4). However, for further high-density magneto-optical recording, it is quite important to understand the thermomagnetic recording process during the formation of the marks smaller than 100 nm by MFM recording.
Recent development of a magnetic transmission X-ray microscope (M-TXM) allows us to observe the recorded marks shorter than 100 nm on the magneto-optical media5). The observed images tells us that the isolated marks shorter than 100 nm could be clearly formed on the TbFeCo media with compensation composition. However, in the M-TXM observation results5), longer mark length was obtained compared to the designed value that was calculated by the linear velocity and the recording frequency.
In order to understand the M-TXM results5), we have already simulated thermomagnetic recording process during the formation of the small sized mark, and studied the dependence of recorded mark sizes on the composition of TbFeCo media6,7). The simulation was succeeded in reproducing the observed M-TXM results. In the recording of isolated marks shorter than 100 nm using a 1.0 longer than the designed one. The mark elongation was found to result from the stray field acting on the domain wall. The RE-rich medium having relatively smaller magnetization leads to smaller stray field so that the difference of length between recorded and designed marks became smaller. However, the decrease of the stray field was found to make it difficult to record small marks due to the collapse of domains. Thus, previous study concluded that the increase of coercivity H, is an effective way to improve the stability of isolated marks smaller than 50 nm.
In this work, we have simulated the mark formation by introducing a gradient recording magnetic field in place of a uniform one. Such a gradient field can be applied by thin film type of magnetic recording heads commonly used in magnetic recording hard disk drive (HDD). We investigated the possibility of further high density recording on TbFeCo media.
Simulation method
As shown in Fig. 1 , we assumed rectangular shaped domains separated by front and rear walls in the track direction (x direction) of the disk (Fig. 1 shows only the rear wall.) In the track width direction (y direction), we assumed domains had no side walls. We also assumed one dimensional wall motion along x direction. The temperature profile of the medium was calculated for TbFeCo Fig. 1 Schematic illustration of the simulation model. films on PMMA (polymethyl methacrylate) substrate by assuming the three dimensional heat flow in the substrate8).According to this assumption, the temperature of the TbFeCo irradiated by a Gaussian laser spot can be calculated from the time integral of the following temperature rise AT which results from the laser pulse energy QoAt 8, 9).
where Q0 is the laser power, r0 the laser spot radius, v the linear velocity of the medium, and other optical and thermal parameter are listed in the previous paper10). The coordination (x1, y1) shows the position on the medium with respect to the spot center at t = 0. For simplicity, when determining the stable wall position, the temperature was assumed to be uniform in the y direction and the temperature at y1 = 0 was used to determine the magnetic parameters.
When the motion of the domain wall is assumed to be quite high compared to the medium velocity, the stable positions of the domain walls are estimated statically by the following Huth's equation11). where Gwo is the wall energy density at room temperature, and was set typically to 2.0 erg/cm2.
The simulation to form the isolated mark using single pulsed external field flows as follows. As shown in Fig. 2 (a), external field Hext was switched from positive to negative at t = 0, and this created the 1st front and rear walls at the position of the maximum temperature. The front and rear wall walls were moved and pinned at the stable position given by the condition of eq. (2) . Next, at t = L I v, In order to understand the improvement of the recording characteristics of small sized marks by applying a Gaussian field, we have investigated the dependence of the effective field Htotal acting on the domain wall for the designed mark length of 30 nm on the medium c = 19.4 as a typical case. respectively. In the figure, Ha is the first term of eq. (2) and x is the distance from the spot center. Fig. 4 (a) . Moreover, from the Fig.  4 (a) The stray field Hst acting on the wall is thought to be decreased with increasing Tb content because of low magnetization near the Curie point of TbFeCo media. The smaller magnitude of Hst results in the smaller difference between the cases with and without the 1st wall. of Htotal This is the reason why the mark elongation was the smallest for RE-rich medium c = 21.7 (See Fig. 3 (a) ). However the decrease of the stray field influences on the stability of the 1st wall against the switching of Hext. Oe/nm, and the increase of the field gradient was found to lead to the improvement of recording properties as in Fig.   3 
Moreover, Lmin (the minimum recordable mark length) was estimated to be 50, 30, and 20 nm for 
Equations (7) and (8) at the pinning position of the wall is crucial to decrease the mark elongation and to improve the stability of the marks shorter than 50 nm, and these equations are considered to be useful to characterize three kind of record- 
Conclusion
Thermomagnetic recording process was simulated for Tbc(Fe72Co22)100 -c media by using Huth's model modified to apply the magnetic field modulation (MFM) recording method.
The effects of thermal and field gradient during the recording process were analyzed in this simulation.
